The Event-Related Potential (ERP) is a time-locked measure of electrical activity of the cerebral surface representing a distinct phase of cortical processing. Two components of the ERP which bear special importance to stimulus evaluation, selective attention, and conscious discrimination in humans are the P300 positivity and N200 negativity, appearing 300 ms and 200 ms post-stimulus, respectively. With the rapid proliferation of high-density EEG methods, and interdisciplinary interest in its application as a prognostic, diagnostic, and investigative tool, an understanding of the underpinnings of P300 and N200 physiology may support its application to both the basic neuroscience and clinical medical settings. The authors present a synthesis of current understanding of these two deflections in both normal and pathological states.
Introduction
The widespread adoption of electroencephalography (EEG) for the non-invasive assessment of cortical activity has inaugurated a distinct era in the elucidation of brain function. Due to its high temporal resolution, EEG imaging of relative scalp electrical positivities and negativities may expose subtle cognitive activity. Indeed, shortly after the advent of electrophysiological recording in the late 1920s, physiologists readily observed discrepancies in the brainwave records of normal subjects compared to those with documented illness [1] . Developments in both EEG acquisition technology and data processing capability have allowed for the identification and characterization of specific deflections comprising the activity associated with a given experimental stimulus or response. This specific subrecord of time-locked data is identified as the EventRelated Potential (ERP). Two constituents of the ERP, the N200 and P300, appear to be closely associated with the cognitive processes of perception and selective attention ( Figure 1 ). Through various experimental paradigms, topographic mapping of averaged signals (Figure 2) , and electrical source analysis, it has been possible to assemble a sizable knowledge-base regarding these ERPs. Prior reviews of the basic physiology underlying these potentials [2, 3] have laid the groundwork for understanding the vast literature in the field; the objective of this article is to briefly introduce the characteristics of these ERP components, extending to current experimental findings, and to describe changes observed during pathophysiologic states. Such an approach is particularly relevant considering the growing interest in the application of ERP analysis for disease screening, risk stratification, and as indices of progression.
The N200
Typically evoked 180 to 325 ms following the presentation of a specific visual or auditory stimulus, the N200 (or N2) is a negativity resulting from a deviation in form or context of a prevailing stimulus [4] . Elicitation may be achieved through an experimental oddball paradigm, in which subjects are exposed to a continuous succession of two types of stimuli, one presented regularly and the other displayed sporadically (Figure 2 ). Upon the presentation of the rare stimulus following a string of standard stimuli, the N200 is observed [5] . A number of investigations have utilized a variation of this paradigm, an oddball detection task, in which the subject is asked to physically respond to the deviant stimulus. A number of studies cited in this review incorporate the oddball paradigm, in part due to its widespread prevalence, reproducibility, simplicity, and applicability across sensory modalities. In these experiments, the N200 is typically evoked before the motor response, suggesting its link to the cognitive processes of stimulus identification and distinction [4] .
N2 Sub-Components
Several distinct N200 potentials have been characterized [5] : one set reflecting involuntary processing, another evoked through active processing. In repetitive stimulus-presentation, the N2a is an anterior cortical distribution evoked by either conscious attention to, or ignoring of, a deviating stimulus [6] ; the N2b is a negativity of central cortical distribution seen only during conscious stimulus attention; the N2c arises frontally and centrally during classification tasks [3] . Furthermore, stimuli presented in visual search tasks with specific laterality and which are task-relevant may evoke an N2pc deflection, as an index of attentional shift, in the occipitaltemporal region of the contralateral cortex [7] .
MMN and stimulus variation types
The mismatch negativity (MMN), or auditory N2a, is elicited in a task-independent manner by auditory oddball detection paradigms and is believed to reflect disparity between the deviating stimulus and a sensory-memory representation of the standard stimulus [8] . Thus, MMN data provide a means by which to analyze the characterization of auditory stimulus features in sensory memory [9] . Picton et al., in an excellent review, note that since the MMN is generated regardless of attention to stimuli, it likely represents an automatic novelty-sensing process [10] .
Additionally, a posterior negativity has been observed in response to alteration of visual stimuli, and has been proposed to be a visual counterpart to the auditory MMN, dubbed vMMN and appearing approximately 120-200 msec post-stimulus [11] . The existence of such an ERP is supported by other experimental observations [12] , with the prestriate region is the likely source, as localized by color discrimination tasks [13] .
Combined brain-lesion studies and functional mapping have established the primary role of the auditory temporal cortex in MMN generation, supporting the independent storage and examination processes of auditory stimuli in the auditory cortical region [14] . Evidence also suggests frontal-lobe involvement in MMN generation, perhaps the involuntary switching of attention due to a stimulus change, with thalamic and hippocampal generation of possible MMN subcomponents [8] .
The effects of variant auditory stimulus conditions as intensity, presentation rates, and location on the MMN component have been studied extensively. The MMN has been elicited under the oddball paradigm through both increases and decreases in stimulus intensity [15] . In addition, MMN latencies have been found to increase with increased standard-deviant intensity deflections, reflecting an elevated cognitive processing requirement for more extensive stimulus deviations [16] .
MMN data has also been utilized to characterize auditory processing duration. In one particular double deviation paradigm, a string of standard stimuli composed of two constituents, an introductory tone of invariable frequency and a subsequent frequency glide, were sporadically interspersed by a stimulus which deviated from the standard in the intensity of the first component and the glide direction of the second constituent. The number of distinct MMN components elicited by this double deviation was found to be dependent upon the presentation-duration of the initial stimulus constituent. Specifically, presentation times of less than 150 ms elicited a single MMN, while presentation times of greater than 250 ms evoked two distinct MMN peaks, providing significant evidence for the processing of auditory information over 200-ms time frames [17] .
A comparison of the effects of different auditory stimulus deviation types on the MMN component has been determined through a number of investigations utilizing the auditory oddball paradigm. In one such study examining frequency and intensity deviation, changes in inter-stimulus interval (ISI) and intensity in auditory oddball detection tasks evoked two different MMNs based on whether the deviant stimulus was defined by frequency or by intensity. While the MMN elicited from the presentation of the infrequent stimulus was not affected by intensity and ISI variation, both stimulus conditions significantly altered the MMN component evoked in the intensity-divergence condition, providing evidence for central differences in frequencyevoked and intensity-evoked MMN [18] .
MMN, age, and cognition
The effects of aging on analytical cognitive operations have become a prominent focus of research. Aging studies have shown that, using high (i.e. 3 to 8 second) inter-stimulus intervals (ISIs), MMN peak-areas decrease in the older population, suggesting a shortening of the sensory auditory memory trace with increasing age [19] . The same phenomenon occurs in the very young, indicating the necessity of maturational changes for the complete efficiency of the auditory sensory memory. In a similar oddball paradigm using short inter-stimulus intervals, however, MMN latency and amplitude varied little as a result of increasing age, suggesting the invariance of automatic stimulus analysis and auditorymemory-based comparison in this condition throughout the lifetime [20] . In similar studies on musical subjects using high ISIs, a clear link between musicality and larger MMN amplitudes suggests that musical subjects possess enhanced auditory sensory memories as compared to nonmusical individuals [21] .
N2b
A second N200 sub-component, the N2b, corresponds to voluntary processing and is elicited when subjects selectively attend to deviations in oddball paradigms. Unlike the MMN, the N2b is not restricted to auditory tasks and does not specifically reflect departure from a collection of standard stimuli. Rather, the N2b is elicited by template mismatch, or deviation from a mentally-stored expectation of the standard stimulus [16] . Investigations in N2b scalp distribution have suggested the centrality of the frontal and superior temporal cortex for generation [22] . In addition, by association with color selection, the N2b has also become affiliated with general detection processes controlled at the level of the anterior cingulate cortex [23] . The N2b is associated with an inferior anterior ERP positivity, the P2a [24] . This relation is postulated to represent the interaction between areas of salience representation and feature representation in the cortex [25] .
N2b and stimulus variation types
Despite a relatively recent growth of interest in N2b characterization, a number of studies have probed the effect of stimulus and experimental condition variations on this N200 sub-component. Unlike the MMN, the N2b has been found to reflect alterations in orthography, phonology, and semantics in addition to visual and auditory deviations [26] . N2b amplitudes have been studied extensively, with greater standard-target variation being linked to increases in N2b amplitude. This phenomenon demonstrates, as with the MMN, the increase of cognitive processing requirements with greater stimulus-deviant deflections. In oddball detection tasks, in which the subject actively attends to the presented stimuli and responds only to the deviant ones, elicitation of the N2b has been proven possible at lower levels (i.e., at lower amplitudes) with missed targets and standard stimulus presentations. This suggests the contingency of the N2b amplitude not upon the recognition of the actual deviant targets but instead upon the plausibility of target differentiation [27] . In visual discrimination tasks, N2b amplitude is directly correlated with discrimination difficulty [28] .
N2b and MMN data have been examined cooperatively in order to compare the possible constraints on active and automatic variation detection processes.
Investigations have been conducted to determine the effects of ISI deviations on the amplitudes of MMN and N2b components evoked from a passive oddball paradigm and an active oddball detection task, respectively. ISI variations were found to have more notable effects on N2b amplitudes than corresponding MMN amplitudes, demonstrating the increased potential for conditions and limitations on controlled stimulusvariation identification processes as opposed to automatic, passive processes [18] .
N2b and age
A number of studies have investigated and proposed the effects of aging on the N2b component and, thus, upon selective information processing as a whole. In one oddball detection study involving the effects of color deviation on N2b elicitation in subjects from age 7 to age 24, increasing age was found to correspond directly to decreases in N2b latency and alterations to the component's physiological generation. This suggests the optimization of visual and cognitive discrimination processes as a result of physical maturation [29] . Furthermore, in an auditory oddball detection task in which the stimulus was characterized by two distinct features, N2b latency was found to increase significantly in the elderly. As the N2b reflects processing in attention, this suggests the general decay of attentional processes with age [30] . These results were taken further in another aging study comparing the MMN and N2b components elicited through tone deviations in a dichotic listening task on subjects from age 23 to age 77. Specifically, while age had little, if any, effect on the latency and amplitude of the evoked MMN, the elicited N2b was found to continuously increase in latency and decrease in amplitude with increasing age. These findings suggest the constancy of automatic distinction and analytical processes over the lifetime and the weakening of controlled processes requiring selective attention with increasing age [20] . A similar study by Pekkonen, et al. resulted in the same conclusions; it was resolved that the increase in N2b latency and decrease in N2b amplitude reflects either a more rapid disintegration of the sensory memory expectation central to N2b generation or the decrease in processing acuteness with age [19] .
N2 Posterior ERPs
In tasks of visual perception which involve the discrimination of a target presented in a field of a limited number of surrounding objects (i.e., a pop-out paradigm), a target with unique features is detected rapidly [31] . In a pop-out paradigm, form, color, and word discrimination tasks elicit the N2pc negativity [32] . This ERP disappears if the number of surrounding distractors increases above 120; however, a distinct posterior N2 distribution, the N2p, shows enhanced negativity with increasing set size and likely represents texture segmentation activity [33] .
The P300
The classical P300 deflection emerges in a timelocked record as a positivity typically appearing approximately 300 to 400 ms following stimulus presentation. Timing of this component may range widely, however, from 250 ms and extending to 900 ms, with amplitude varying from a minimum of 5 µV to a usual limit of 20 µV for auditory and visual evoked potentials, although amplitudes of up to 40 µV have also been documented [34] . The P300, first described by Sutton, et al. [35] , is perhaps the most-studied ERP component in investigations of selective attention and information processing, due partly to its relatively large amplitude and facile elicitation in experimental contexts.
Most well-characterized is the P3b, or "classical P3" (N.B. the term P300 used subsequently in this review generally refers to this P3b sub-component), in contradistinction to the P3a, typified by shorter latencies and frontally-oriented topography [36, 37] . One possible interpretation of the P300 is that it reflects broad recognition and memory-updating processes, with the P3b proposed to reflect match/mismatch with a consciouslymaintained working memory trace, while the P3a reflects a passive comparator [6] . The frontal P3a may be elicited by the more infrequently-appearing stimulus of with a two-stimulus oddball task, regardless of attentional (i.e., target or nontarget) status [38] . The P3a has also been demonstrated experimentally in target/nontarget tasks modified to include an additional infrequent stimulus; confusion has arisen over the distinction of a separate anterior Novelty P3 observed in response to rare, completely unexpected stimulus in a modified oddball task ( Figure 2 ) [39] . While ERP waveform factor analysis in dictates that the Novelty P3 and P3a are in fact identical [40] , the application of cortical potential imaging methods to model responses to auditory stimuli supports the hypothesis of temporal-and spatial distinction of the Novelty P3 and parietal P300 [41] . Principal component analysis isolates the Supplementary Motor Cortex (SMC) or cingulate gyrus as generators for the Novelty P3 [42] .
The P3b component has been proposed to index memory storage as well as serving as a link between stimulus characteristics and attention [6] . Markedly increased P3b amplitude is observed in response to the rare stimulus of an oddball experimental paradigm. Investigational evidence points to the explanation that P300 properties are affected by the nature of the stimulus [43] : factors documented to alter P300 amplitude include presentation probability [44] , stimulus sequence (45), stimulus quality, attention, and task relevance of the stimulus [34] . Croft and colleagues contend that P300 amplitude is affected by the target-to-target time interval (TTI), and not independently by inter-stimulus time interval or stimulus probability [46] .
Quadruple-dipole modelling of somatosensoryevoked P3b has localized its origin specifically to the hippocampal and parietal cortical regions [47] ; a separate analysis of auditory-evoked potentials via brain electric source analysis and multiple-dipole modelling indicates putative generators in the hippocampus and temporal lobe [48] . Physical lesion corroborates these findings, with damage to tissue in the temporal-parietal junction inducing a loss of the P3b waveform [49, 50] .
Invasive cerebral electrode recordings localize the temporal-parietal junction as the generator for the classical P300 [51] . Hoffman [4] proposed that P300 latency varies as a function of factors governing stimulus evaluation time. For example, the concomitant presentation of relevant stimuli and non-germane "distractor images" may notably increase latencies [52] , although latencies have not been found to be altered in studies in which the relevance between stimulus and response is modified. In word vs. color "Stroop" tasks requiring a verbal response, slower reaction times are observed in response to non-matching word/color combinations, though these combinations yield no corresponding changes in latency [53] . More recent visitation of the Stroop paradigm, employing random stimulus-response mapping to buttons, has rendered similar results [54] . These data imply that the P300 is most likely not involved in response selection processes, but rather more upstream operations. P3 latency is indirectly related to TTI stimuli, regardless of modality [55, 56] ; these findings further support the concept of the P3 as a proxy for some element of stimulus evaluation time.
Evidence has accumulated describing the P300 as a cognitive routine supporting the formulation of an internal environmental model in which a stimulus be evaluated: i.e., the "context-updating" hypothesis [57] . This concept is reinforced by the direct relationship between P300 latency and subject reaction time [58] . Oliver-Rodriguez and colleagues suggest, from visual observation studies using cues of human faces, that the P300 is involved in stimulus evaluation to the extent that it triggers context-based updating [59] . Alternatively, the Context-Closure Theory [60] emerged as an alternative to context-updating theory; reflecting the concept that the P300 reflects activity of memory trace remodelling postdetection of a target stimulus [61] .
It should be noted that ERP latencies fall into two distinct categories: active or passive, depending on the experimental paradigm. A passive latency may be elicited by presenting rare stimuli in oddball tasks without giving the subject instructions, while active latency is observed in tasks which require the subject to respond to the rare stimulus with button-presses.
In visual oddball tasks, observed active and passive latencies for the P300 are comparable, suggesting that use of visual-cue experimentation may be useful even for subjects who lack the motor capacity for stimulus response [62] . Observation of the P300 latency via auditory passive single-tone and passive oddball paradigms may similarly be effective when active responses are infeasible [63] .
Further, P300 parameters may be affected by familiarization with repeated stimuli. Ravden and Polich [64] have demonstrated that, in oddball visual tasks requiring a motor response to targets, with targets representing 50% of all stimuli, the observed P300 amplitude decreases with repeated presentation of the target stimulus. It is significant that in this model similar habituation is was not identified for latencies of the P300 ERPs. Moreover, utilizing a paradigm in which targets are presented with only a 1 in 5 probability, habituation occurs only for standard stimuli, with target stimuli eliciting no decrease in P300 amplitude. At the same time, both target and standard stimuli elicit increasing latencies over large successive trial blocks [65] .
How may these seemingly disparate habituation effects be reconciled? Since multiple-dipole modelling suggests that the source for both novel and repeatedstimulus P300s are the same [66] , some unified process most likely controls elements of P300 activation.
From an attention-theory standpoint, one may envision a continuum of interconnected processing at the level of stimulus processing and response formulation. (N.B., this model is speculative and intended for primarily illustrative purposes). Once a stimulus is identified as either a target or nontarget (or novel and unexpected), a response, such as updating an element of working memory, may be envisioned to be furnished as part of a specified "pipeline" for execution of current stimulusresponse mapped tasks (SRMTs). As some task-switching time factor may reasonably be associated with each change in active stimulus response, it is perhaps the taskswitching duration which serves as the critical element in determining latency of the P300 signal produced by neuronal groups of the corresponding stimulus-response subunit.
To illustrate: when two stimuli are presented with equal frequency, then stimulus-response mapping can occur at relatively consistent rates. If, however, one stimulus is presented more frequently than another, the period associated with task-switching increases, resulting in increased latencies for response to the infrequent stimulus. Such a conclusion would be supported by reports from Duncan-Johnson and Donchin [44] indicating that increasing stimulus probability reduces stimulusevaluation and response-production periods.
Note that this model accounts for changes in amplitude as a result of feedback from currently-active SRMTs in a fashion similar to latency modulation, if we assert that the SRMT is the amplitude source for the ERP. Thus, an infrequent target, whose corresponding SRMT has not experienced positive feedback to any significant degree, would elicit a strong, uninhibited response.
Morphological and Developmental Groundings
Attempts have been made to draw correlations between P300 and callosal size. The majority of these experiments have compiled relations between ERP characteristics and age, gender, or handedness. For instance, studies have shown that in both auditory and visual stimulus discrimination tasks, measured amplitude is greater, with smaller corresponding latencies, in lefthanded subjects versus right-handers. Similar differences in P3b characteristics have been noted between the two genders [67] . Any correlations between these data and corpus callosum mass is subject to contention, however. MRI imaging and analysis by Hopper et al. [68] showed no significant connection between gender or handedness and callosal size; the information available did demonstrate, however, an inverse relation between age and callosal size. Conversely, a subsequent review of MRI and post-mortem reports indicated a callossal volume relationship to handedness and gender [69] ; the clinical significance of these findings remains unclear.
Clear support exists for age-related modulation of the P300 deflection. In visual tasks, latencies increase with age, although the precise correlative nature of age and latency time is not certain [70] . Additionally, the presentation of higher-difficulty tasks elicits significantly slower reaction times in older subjects, independent of the manner in which task difficulty is increased. Changes in P300 latency, however, do not tend to such exhibit taskindependence and thus remain contingent upon the precise nature of difficulty variation [71] . Investigation of the auditory-evoked potential in subjects varying in age from 20 to 88 has uncovered a linear direct dependence between both active and passive P300 latency and age; in this same study, levels of active latency were associated with concentration ability, and passive latency with verbal proficiency and recall [72] . The decreases in P3 and novelty P3 with increasing age, and indeed a similar attenuation in the MMN, correspond clinically to changes in orienting behavior observed in the elderly [73] .
A pathway for the physiological development of the P300 has yet to be made clear. Evidence exists of a possible nascent precursor which is reflective of workingvisual-memory operations. Infants presented with visual stimuli, in a passive paradigm, exhibit a slow positive wave, which increases in amplitude in response to novel stimuli [74] . Young children exhibit identifiable visual P300s characterized by large latencies (similar to those of elderly subjects) but do not demonstrate a significant P300 in the frontal region. As subjects age, they exhibit P300s which are shifted in amplitude more toward the frontal region [75] . Consequently, the P300 is likely comprised at the cellular level by a series of neuronal subnetworks which develop at differing rates.
Traumatic or other insult to the prefrontal cortex is reflected in diminished amplitude of the novelty P3 response to a novel stimulus [76] . This amplitude change further correlates with reduced attentional shift towards novel stimuli [77] , possibly clinically manifesting as apathy.
P300 and the N2b
Data indicate that the P300 is involved not only in processes of working memory, but may interact with the N2b in the control of motor response to external cues. Through the use of a "GO/NOGO" paradigm, requiring subjects to identify targets either with a motor response or a suppression of activity, it is possible to examine the processes associated with voluntary movement. In a visual GO/NOGO test, the ordinarily-detected posterior parietal P300 is absent during NOGO responses. It is also notable that the detection of a frontal N2 is associated only with instances of a NOGO response. Thus, the P300 appears to be inhibited by the appearance of the N2b in tasks of motor activity suppression [78] . The N2 waveforms elicited in a GO/NOGO paradigm presumably index response inhibition, with the anterior cingulate proposed as the likely generator [79] .
P300 and Broader Aspects of Environmental Interaction
P300 amplitude may reflect filtering and constructive processes -cf., a study of suggestible subjects inducted into hypnotic states: subjects were prescribed to experience positive (entity-fabricative) or negative (entityobliterative) hallucinations while participating in visual and auditory experimental studies. During the times at which subjects underwent negative hallucinations, greater P300 amplitudes were evident, whereas positive hallucination was associated with lower amplitudes [80] . Thus, conscious or subconscious perceptual modulation may be associated with some element of P300 activity.
Additionally, environmental triggers may allow for the broad-based alteration of P300 activation. P300 activity is modulated by the internal physiologic state of subjects, from natural circadian and ultradian rhythms to levels of fatigue or physical activity,as noted in a comprehensive review by Polich and Kok [81] . An experiment following respective subject groups across two of the three winter, spring, and summer seasons indicates that elicited P300 amplitude is inversely related to the amount of seasonal ambient sunlight, with women experiencing larger shifts than men [82] . This change in amplitude is suggestive of a direct (e.g., psychobiological) or indirect (e.g., societal) alteration of cognitive strategies or pathways in relation to seasonal variations, and this change is further filtered in relation to the sex of the subject.
The effect of cortical perfusion and metabolic activity on the P300 is still poorly understood. P300 amplitude is increased acutely by aerobic exercise [83] ; however, evidence suggests that food intake does not specifically affect P300 parameters in relation to other ERPs [4, 84] .
P300 in Pathologic Conditions
The P300 has been applied in a wide array of clinical research settings. The practical utility in therapeutic contexts for measuring and tracking of ERP findings in cases versus controls for most such studies is unclear, as most extant studies are descriptive and limited in power and generalizability. Still lacking are large-scale, blinded, randomized, prospective studies of ERP-guided therapy; however with decreasing costs of signal acquisition and processing, such research may soon be practical.
Schizophrenia
A disease of cognitive disturbance involving multiple symptom complexes and variable course and presentation, schizophrenia is nonetheless a clinicallydiagnosed disease. Beginning in the 1970s, attempts have been made to objectify various aspects of the disease and its pathogenesis via analysis of the P300 [85] , particularly in auditory stimulus modalities, have been reviewed extensively elsewhere [86] . It has been proposed that observed ERP abnormalities may reflect the observed defects in mnemonic binding and account in part for symptoms of reality-distortion [87] .
Endocrine/Metabolic Systems
Local perfusion and substrate status in the brain modulate P300 characteristics. For instance, the postexercise period after aerobic muscle activity is associated with increased P3 amplitude, with respect to auditory discrimination [83] . Additionally, glycemic status of affects ERP parameters, as evinced by increased P3 latency as serum glucose levels fall below 3 mmol/L [88] . Increasing the oxygen content of blood plasma via exogenous epoetin, to increase hematocrit in anemic patients, has been correlated with decreased latency and increased amplitude of the P3 [89] .
Addiction
P300 characteristics have been noted to differ in subjects who are either at risk off, or engage in, addictive behavior. P3b amplitudes have been demonstrated to be attenuated in individuals considered at high-risk for alcoholism, due to familial history, when compared to a low-risk group [90] . Similarly, lower P3a amplitudes have been noted in at-risk subjects [91] . In response to abstinence from alcohol intake, the P3b component remains depressed in amplitude [92] . It has been proposed that P3a abnormality in high-risk groups may reflect an underlying state of CNS dis-inhibition involved in the pathophysiology of the condition [93] . Genetic linkage studies involving families with a history of alcoholism show involvement of chromosomes 2 and 6 and possibly chromosome 13, with genetic coding sequences containing genes involved in the construction of ionotropic glutamate receptors and the acetylcholine receptor [94] ; more recent work also supports linkage to chromosome 5 and chromosome 4 loci [95] .
CNS Parenchymal Disease
P300 characterization has shed light upon diseases linked etiologically to deep brain structures, including the basal ganglia, as well as clinically-evident dysfunction of the superficial cerebral cortex, associated in particular with spreading and advanced disease. For instance, anterior P3a is attenuated in amplitude in patients with Parkinson's Disease [96] , with concomitant P300b anomalies [97] . Furthermore, differences in NOGO-P3 (and NOGO-N2) waveforms indicate dysfunctional frontal-lobar inhibitory processing [98] , and may be useful as objective measures of Parkinsonian progression or functional limitation. Marked reduction or absence of P3 distributions in visual search tasks is observed in patients with the choreiform movement disorder Huntingtons Disease, which classically demonstrates caudate nuclear atrophy, but also may manifest cortical symptoms [99] .
Among the most prevalent chronic disorders of cognition in the elderly is Alzheimers Disease, typically affecting temporal and associative cortex regions; prolonged P300 latency and attenuated amplitude have been observed in such patients [100] . It has been proposed that P300 activity may serve as a useful marker of attention and as a screen for combination-drug therapy in investigations of anti-Alzheimer drugs [101] . P300 latency may also be applied clinically as a diagnostic tool and a prognostic marker for recovery after cortical insult. A small study of patients with ischemic stroke has shown that changes in P300 latency correlated with subclincal damage to the right parietal lobe. Furthermore, magnitude of alteration in P300 in the subacute phase of stroke correlated with functional recovery after several months time [102] . Acute cortical damage to auditory processing structures might be assessed objectively in a complementary manner, via studies of the MMN [103] .
Closing Remarks
Each of the specific components of the Event-Related Potential discussed in this review plays specific and significant roles in cognitive processes. While much progress remains to be made in terms of precise characterization of ERP components, especially of early negativities, their psycho-biological prominence is clear. Selective attention, stimulus response, and perceptual filtering in auditory, visual, and somatosensory domains may fall under the integrated purview of the MMN, N2b, and P300 phenomena. Future applications of ERP analysis as a psychological diagnostic and feedback tool are growing more and more promising, and as we gain more insight into the nature of the ERP, the search for clinical integration will assuredly intensify. (1) and Modified Oddball (2) task paradigms. White box represents a standard or nontarget stimulus; black box represents variant target stimulus; circle represents a deviant, unexpected stimulus presented to the subject.
